Letters to the Editor and (b) are Raman-UVDR difference spectra, representing the difference between spectra such as those in trace (c) with and without Raman pumping. They show decisively that the 2~ 36 band is indeed there, but too weak to be detected spectroscopically under the conditions of thermal equilibrium which prevail in trace (c).
The collision-induced effects represented by Fig. 1 (b) are potentially of great interest in the context of chemical physics. Several effects are already evident. The rotational energy transfer is spread over a wide range of ll.J, as we expect from studies of other nondipolar molecules which lack strongly anisotropic terms in the long-range intermolecular potential. 11 Only even values of ll.J are observed, which is consistent with the difficulty of interconverting the ortho and para nuclear spin modifications of C 2 H 2 . Raman-UVDR kinetic studies of collision-induced rotational relaxation are underway. A preliminary Stern-Volmer analysis of the depletion rate for some of the strong J = 19 features indicates that this is comparable in magnitude to corresponding rates observed 12 high in the vibrational manifold of C 2 H 2 , using infrared overtone excitation. This comparison suggests that rotational relaxation may be more dominant than intramolecular vibrational redistribution in the mechanism of the latter experiment. 10 The signal-to-noise ratio of Raman-UVDRspectrasuchasFigs. 1(a) and (b) augurs well for our ability to collect high-quality kinetic data to elucidate state-to-state rovibrational energy transfer processes involving C 2 Resonance enhanced multiphoton ionization (REMPI) combined with rotationally resolved photoelectron spectroscopy (PES) is a sensitive probe of excited molecular states and their photoionization dynamics.
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We have previously shown how orbital evolution in an intermediate state can lead to a strong dependence of ion rotational distributions on vibrational excitation. 6 We have also recently predicted that this orbital evolution, in combination with a Cooper minimum, gives rise to significant non-FranckCondon behavior in vibrationally resolved REMPI ofOH. 7 Cooper minima have been extensively studied in atoms and in molecular ground states. s-w Their influence has also been recently seen in photoabsorption spectra of excited molecular states in optical-optical double resonance studies near the ionization threshold ofN0. 11 Cooper minima, however, have not been identified experimentally in photoionization via excited molecular states. 12 The influence of a Cooper minimum on the total cross section is less pronounced in molecular than in atomic photoionization due to the partial wave composition of molecular orbitals, and hence Cooper minima are more readily identified in photoelectron angular distributions for molecular ground state photoionization.
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Since Cooper minima most .often occur in a single partial wave(/) of the electronic continuum its significance is most evident if only a few partial waves contribute to the cross section. To be readily detectable the Cooper minimum should occur for the same I in all photoionization continua (i.e., ku, k1r, ... ) at approximately the same kinetic energy and, particularly for REMPI, close to threshold so as to be accessible with current techniques.
In this Communication we illustrate the dramatic influence of a Cooper minimum, close to threshold, on the ionic rotational branching ratios and how this behavior can be exploited to produce ions selectively in a specific rotational level. As a specific example of this effect we present the results of ab initio calculations for ( 
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The photoelectron orbitals needed in these studies are obtained using the iterative Schwinger method and the frozen-core-approximation. 18 Coupling of the molecular rotation and the partial waves of the continuum orbital is treated explicitly. 19 Both the intermediate and final states are treated in Hund's case (b) coupling scheme. Further details of the calculations will be reported elsewhere.
The partial wave composition of the matrix element for photoionization of the 9u orbital of the H 2~+ (3d,4s) state is dominated by the p andfwaves in both the ku and the k1r channel, as expected on the basis of an atomic model. The/ wave (/ = 3) component of the photoelectron matrix element is dominant close to threshold and shows a zero at a photoelectron energy of about 2.6 eV in the kuchannel and at around 2. 9 e V in the k1r channel (not shown). These Cooper minima are present in the I= 1 0 + 1 partial wave (where 1 0 is a partial wave of the resonant orbital) as seen in Cooper minima for atomic ground states.
'
9 Note, however, that a truly atomic 3d orbital does not have a radial node and could not therefore exhibit a Cooper minimum, further demonstrating the molecular nature of the Cooper minimum observed here. Figure 1 shows calculated ionic rotational branching ratios for the 0 11 (23.5) branch via the H 2~+ state of NO at various photoelectron kinetic energies. These branching ratios have been convoluted with a Lorentzian detector function with a full width at half maximum of 4 meV. Since N' = 21, the aN= 0 peak corresponds to N + = 21. The aN= even propensity rule is very evident with neglible odd aN peaks throughout the energy range. However, the rotational branching ratios are strongly dependent on the kinetic energy. Even aN peaks have contributions only from the odd-/ partial waves of the photoelectron orbital, due to the less than 2% at the (2 + 1) one-color energy level. 16 At the ( 2 + 1 ) one-color energy the total ion signal will be more than 95% "l:l.N = 0 ions," and it is therefore possible to use the presence of the Cooper minimum to generate ions in a specific rotational level. The total cross section is also strongly energy dependent. The magnitude of the l:l.N = 0 signal at 2.39 eV is approximately 15% of its value at threshold. The photoelectron angular distributions also change dramatically around the Cooper minimum (not shown). These distributions are, however, also sensitive to intermediate state alignment as previously shown. 4 • 15 The rotationally unresolved photoelectron angular distributions are less energy dependent due to the strong p-wave contribution to the l:l.N = 0 signal. This behavior of rotational ion distributions around a Cooper minimum should be quite general. For the case reported here it can be used for production of ions in very specific rotational levels. These dramatic changes in rotational branching ratios should also be useful in identifying Cooper minima in ionization via high-lying Rydberg states. Double resonance is a powerful technique for increasing sensitivity, 1 for assigning complex spectra, 2 for observing very weakly allowed transitions, 3 and for studying rotational energy transfer. 4 We report here our recent application of this technique to the HN 2 + molecular ion. We have observed not only the direct three-level double resonance signals both in the ground and the excited states, but also collision-induced four-level double resonance signals indicating the existence of some selection rules even for the Langevin potential dominated ion-neutral interaction.
Observation of direct and collision
We used a hollow cathode ( 1" diameter and 1 m long) as the double resonance cell. The hollow cathode discharge was chosen for our ion double resonance because (a) it provides abundant ( -1 X 10 11 em- Fig. 1 . Observation of the signal in the v 1 state indicates that the infrared radiation was at least partially saturating the infrared transition used in the experiment. In order to resolve the nitrogen nuclear quadrupole hyperfine structure, the pressure and microwave power were reduced to avoid broadening. When they were increased at the expense of resolution, a signal to noise ratio of-400 was observed. With this arrangement, we could also observe collision-induced four-level double resonance signals which are typically 10-100 times weaker than the direct double resonance signal.
The energy level system used in the experiment is shown in Fig. 2. In the three-level experiment, the variation of the molecular population in the J = 1 level due to the micro-
